Objective: To examine the changes in weight and waist circumference of adult Singaporeans between 1998Singaporeans between and 2005Singaporeans between -2007, and the associations of these changes with demographic and socio-economic factors. Methodology: A prospective study, which followed up participants aged 18-69 years from the 1998 National Health Survey. Analysis was performed on data from 2483 individuals (53% of original sample) who returned for follow-up in [2005][2006][2007]. Body weight and waist circumference were measured both at baseline and follow-up. Logistic regression was used to examine factors associated with being overweight and obese at baseline. Linear regression was used to examine changes in weight and waist circumference over time. The variables examined were age, gender, ethnicity, marital status, educational level, housing and employment status, smoking, alcohol consumption and sports activities. Results: Mean weight for the population increased over the follow-up period by 1.48 kg (s.d. ¼ 4.95) and mean waist circumference increased by 3.32 cm (s.d. ¼ 7.92). Cross-sectionally, those who were overweight or obese were more likely to be Malays or Indians, married, homemakers and have lower educational level. Prospectively, individuals who gained the most weight were younger, more likely to be ethnic minority groups and have the lowest body mass index (BMI) at baseline. They also appeared to be of higher socio-economic status (SES) based on housing type. These associations were statistically significant even after adjusting for other variables. Conclusion: Obesity prevention should start early in the younger age. Preventive programs need to reach out to Malay and Indian ethnic groups and those with higher SES. These findings should be used in designing messaging of preventive strategies.
Introduction
The prevalence of overweight and obesity has risen significantly over the past few decades in both developed and developing countries worldwide, reaching epidemic proportions in many countries. [1] [2] [3] [4] In Singapore, cross-sectional community-based National Health Surveys (NHS) have found rising trends in obesity and overweight prevalence.
The prevalence of obesity (body mass index, BMI X30 kg m À2 ) among adult Singapore residents aged 18-69 years rose steadily from 5.1% in 1992 to 6 .0% in 1998 and 6.9% in 2004, and the prevalence of overweight (BMI X25 kg m À2 ) has risen from 26.2% in 1992 to 30 .4% in 1998 and 32.5% in 2004. 5 With the rising obesity prevalence and the economic costs associated with obesity, 6 policy makers worldwide have called for effective public health measures to tackle obesity both at the population level and in high-risk groups.
A recent meta-analysis of 57 prospective studies involving over 800 000 individuals has confirmed and quantified the association between obesity and increased mortality, primarily related to increased rates of diabetes, vascular, renal and hepatic disease and to a lesser extent from neoplastic disease. 7 Although the majority of these studies involved participants in Europe, the USA, Israel and Australia, large studies from China 8 and Korea 9 suggest that the impact of obesity on mortality is similar in populations of Asian ancestry. Many studies have also documented the association of obesity with the occurrence of many high burden chronic diseases. [10] [11] [12] [13] Despite the large number of studies documenting the negative impact of obesity on morbidity and mortality, few studies have included repeated measurements of obesity, which would help to determine whether there are critical periods in life when individuals become overweight or obese, and also whether it is possible to identify factors that would predict weight gain before it occurs. Such studies would help policy makers develop appropriate preventive strategies that target the population at greatest risk, at a time when the risk of weight gain is the greatest. Various studies have shown that weight gain is a function of baseline age and BMI, as well as other lifestyle and demographic factors including dietary intake, physical activity, socioeconomic differences, and to a lesser extent ethnicity and gender. [14] [15] [16] [17] To our knowledge, few (if any) studies of this nature have been conducted in Asian populations. Although the effects of obesity on mortality and chronic disease seem similar between populations, it is conceivable that the patterns of weight gain and the factors that predict weight gain may differ because of differences in patterns of dietary intake and physical activity between populations or ethnic groups. It is also possible that different populations may have different susceptibility to weight gain in an environment of nutrient excess. In addition to weight gain, increased abdominal fat or waist circumference has been found to be strongly associated with metabolic and cardiovascular diseases. 18 Those with a normal BMI, but large waist circumference, are also found to have higher mortality risk. 19, 20 The aim of this study is to examine the function of age, baseline BMI and socio-demographic factors in predicting changes in weight and waist circumference in a multi-ethnic Asian population living in Singapore.
Materials and methods

Study population
The NHS 1998 methodology has been described in detail elsewhere. 21 Briefly, the survey was a cross-sectional national survey, which measured the prevalence of major cardiovascular risk factors including obesity, physical inactivity and smoking among adult Singaporeans aged 18-69 years old. It involved initial identification of individuals by household addresses, followed by stratified sampling of individuals by age and ethnic group. The two ethnic minority groups, Malays and Indians, were over-sampled to ensure sufficient sample size for reliable comparative analysis. A total of 4723 individuals were studied in the NHS 1998.
The individuals from the NHS 1998 were re-contacted during the period of 2005-2007 as part of the Singapore Prospective Study Program. 22, 23 Individuals deceased at time of follow-up (as confirmed by data linkage to the national registry of births and deaths) were excluded (n ¼ 98). Individuals who had emigrated or had errors in their unique national identity card numbers, which were used to establish re-contact, were also excluded (n ¼ 33). The rest were contacted to obtain an appointment for investigators to administer the questionnaire at the participants' home. Individuals who could not be reached after three home visits (on separate occasions including one weekend and weekday) were deemed non-contactable (n ¼ 833). Of those who were contacted, 10 refused to participate. Those who were contacted and agreed to undergo the follow-up survey were invited to attend a health examination at a clinic. A total of 3749 (79%) individuals completed the questionnaire, of which 2483 (53%) also completed both the health survey and physical examination. In this study, only the latter were included.
Measurements
Body weight (to the nearest 0.01 kg) was obtained with participants dressed in light clothing using electronic weighing scales; height (to the nearest 0.1 cm) was measured using wall-mounted stadiometer for all the participants without shoes. Waist circumference (to the nearest 0.1 cm) was measured at the midpoint between the lower rib margin and the iliac crest using measuring tape. Participants were instructed to remove any objects such as keys and mobile phone before measurement. The baseline socio-demographic variables included in this study were gender, ethnic groups, marital status, age, highest educational level, housing type, employment status and BMI categories. Highest educational level, housing type and employment status were used as proxy measures for socioeconomic status (SES). The highest educational level attained was defined as (i) no formal education ¼ received o6 years of education, (ii) primary education ¼ received 6-7 years of education, (iii) secondary education ¼ received 7-10 years of education, (iv) pre-university/diploma ¼ received 11-13 years of education and (v) degree/professional qualification ¼ received X14 years of education. Housing type was classified as (i) public apartment with 1-3 room, (ii) public apartment with four rooms and higher, (iii) private apartment including condominium and (iv) private landed property. Public apartment refers to subsidized apartment built by the government. Private apartment refers to apartment or condominium built by private property developers. A total of 85% of Singapore residents live in public apartments, 10% in private apartments and 5% in private landed properties. 24 In general, the cost of housing increases from public apartment to private apartment and landed property. As 85% of the population lives in public housing, this variable may not have the same interpretation as in Lifestyle factors included in the analyses were baseline sports activity, smoking and alcohol consumption. Sports activity was based on the frequency of participation in sports for at least 20 min per occasion with three categories: regular exercise (3 days a week), occasional exercise (p3 days a week) and no exercise (no participation in any form of sports that lasted for at least 20 min per occasion). 26 Smoking status was obtained using a questionnaire based on the WHO classification criteria for smoking: non-smoker (never smoked before or smoked too little in the past to be regarded as an exsmoker), ex-smoker (formerly a daily smoker, but currently does not smoke at all), occasional smoker (smokes cigarettes, but not everyday) and daily smoker (smokes cigarettes at least once a day including those who smoke every day, but have to stop temporarily because of religious fasting or medical records). 27 Alcohol consumption was classified according to the frequency of alcohol intake: regular drinker (drinks 44 days a week), frequent drinker (drinks 1-3 days a week), occasional drinker (drinks o3 days a month) and non-drinkers are those who do not drink alcohol.
Data analysis
We carried out linear regression analysis for the change in weight and waist circumference for all participants. Change in weight and waist circumference is the difference between the measurements at baseline and follow-up. The two measurements were correlated (r ¼ 0.526, Po0.001).
The weight, waist circumference and BMI of the cohort were normally distributed. We used Student's t-test and test of binomial proportions to examine baseline differences between individuals who returned for follow-up and were included in the analyses (respondents) and those who did not (non-respondents).
We examined the association between the risk of being overweight (BMIX25.0 kg m À2 ) or obese (BMIX30 kg m À2 ) and the baseline characteristics including age, gender, ethnic groups, marital status, educational level, housing type and employment status, using univariate and multiple logistic regression adjusting for baseline smoking, alcohol consumption and sports activity status.
In the prospective analysis, changes in weight and waist circumference were calculated by subtracting weight at baseline from weight at follow-up. Repeated measures analysis of variance were used to examine whether the changes were different among the categories of variable. We used linear regression to examine the associations between baseline factors (age, gender, ethnicity, socio-economic and lifestyle factors and baseline BMI) and change in weight and waist circumference.
Earlier studies have reported that the association between gender and obesity was different between ethnic groups. 28 For this reason, we first tested the interaction between gender and ethnicity in relation to overweight and obesity. The interaction terms were highly significant (Po0.001). Therefore, instead of analysing gender and ethnicity separately, we created a new variable (ethnicity/gender), which included six levels (Chinese man, Chinese woman, Malay man, Malay woman, Indian man and Indian woman), and this variable was used to assess the impact of ethnicity and gender on weight gain. We first performed univariate analyses (results not shown), second age-adjusted analyses and then followed by multivariate analyses that adjusted for all covariates. Table 1 presents the baseline characteristics of participants who did (n ¼ 2483) and did not (n ¼ 2240) return for followup. Those who returned for follow-up were more likely to be of Chinese ethnicity, be married and working. More individuals aged 40-49 years returned for follow-up than those aged 18-29 years. In addition, they were more likely to be non-smokers, to have a BMI in the normal range and have a higher level of education.
Results
The mean duration of follow-up was 7.68 years (s. ) became overweight at follow-up, and 9.4% (n ¼ 56) of those with baseline BMI 25.0-29.9 kg m À2 were obese at follow-up (data not shown).
Cross-sectional analyses of baseline factors revealed that age, marital status, educational level, housing types and employment status were significantly associated with an increased risk of being overweight or obese (Table 2) . Both overweight and obesity were associated with age and the risk increased in a monotonic manner except in the oldest age group (age 60-69) in which the risk declined. Being married, separated or divorced and from lower educational level were also associated with increased risk of overweight and obesity. As discussed in a preceding section, there was a statistically significant interaction between ethnicity and gender in Longitudinal study on weight and waistline changes SK Ong et al relation to the risk of being overweight or obese. Among the Chinese, women (as compared with men) were less likely to be overweight (odds ratio, OR 0.46, 95% confidence interval, CI 0.35, 0.62) or obese (OR 0.45, 95% CI 0.25, 0.81). Although the Malays and Indians, irrespective of gender, were more likely to be overweight or obese than the Chinese men, the effect of gender in these ethnic groups was the reverse of that observed in Chinese, with greater risk observed in women than in men. Compared with Chinese men, the Malay women had more than seven times risk of being obese, whereas the Indian women had more than four times greater risk of being obese. In multivariable analysis including all the other factors, the adjusted ORs for ethnicity/gender, marital status, educational level and employment status remained statistically significant for being overweight, whereas that of ethnicity/gender and educational level remained statistically significant for obesity. Table 3 presents the mean weight and waist circumference of the participants by their baseline characteristic groups. In most groups, the means of weight increased over the followup period. Those aged 60-69 at baseline experienced the most significant loss of weight. For most variables, different groups showed a statistically significant difference in weight or waist circumference. For this reason, we have highlighted those variables that are not associated with significant difference in weight or waist change between the groups. The change in weight did not differ in a statistically significant manner between those living in different housing types. All groups experienced an increase in waist circumference. The magnitude of change in waist circumference was not associated with housing type, alcohol consumption and sports activities. Table 4 shows the effects of baseline demographic and socio-economical factors on the change in weight and waist circumference using linear regression. In general, the associations observed were similar in relation to changes in both weight and waist circumference. The greatest increases for both these parameters were seen in the youngest age group (age 18-29 years) with progressively smaller gains in weight and waist circumference as age increased. In our initial univariate analyses (results not shown), statistically significant associations were observed in relation to marital status (greater weight gain in those who were single compared with those who were married or divorced/widowed/ separated) and education level (greater weight gain in those with higher education level), but these were no longer statistically significant after adjustment for age and other variables. The greatest increases in weight and waist circumference were also seen in those with BMI in the range 18.5-24.9 kg m À2 at baseline and in those who lived in the larger public apartments and private homes. In relation to ethnicity and gender, Malays and Indians experienced greater increase in weight and waist circumference, as compare with Chinese. In both these minority ethnic groups, women experienced higher increases in weight than Longitudinal study on weight and waistline changes SK Ong et al men and this gender difference was more obvious in relation to increase in waist circumference.
Discussion
This study has allowed us to correlate the risk of overweight/ obesity and weight gain with socio-demographic factors in a multi-ethnic Asian population, both cross-sectionally and prospectively. Cross-sectional analyses revealed that the prevalence of overweight and obesity increase with age and are most prevalent among the middle aged individuals (50-59 years). By using a prospective study design, we have determined that the greatest weight gain occurs in early adulthood and middle age. We found that over one-third (54/155 participants) who became overweight during the period of follow-up were aged 30-39 years at baseline (data not shown). This finding is consistent with the findings from several other studies. [29] [30] [31] Such weight gain after young adulthood has also been shown to be associated with increased risk of cardiovascular diseases and metabolic syndrome, [32] [33] [34] and adverse effect on quality of life and long-term mortality. 35 In addition, the greatest weight gain occurred in those with normal or low BMI at baseline, a finding that also replicates those of earlier studies. 7 Taken together, these data suggest that effective prevention of Longitudinal study on weight and waistline changes SK Ong et al Change in weight and waist circumference is the difference between the measurements at baseline and follow-up.
b Changes in weight were NOT statistically significant different among the categories, with P-value 40.05 using repeated measures of ANOVA. c Changes in waist were NOT statistically significant different among the categories, with P-value 40.05 using repeated measures of ANOVA.
Longitudinal study on weight and waistline changes SK Ong et al Abbreviation: CI, confidence interval. a Adjusted for age, gender, ethnic group, marital status, educational level, housing type, baseline BMI, smoking, alcohol consumption and sports activity status. For age adjustment analyses, the results for the age categories were not adjusted for age. Bold: changes of weight and waist circumference were found to be statistically significant with P-value o0.05 by linear regression.
Longitudinal study on weight and waistline changes SK Ong et al obesity should begin in early adulthood, before the development of obesity. This is particularly important as the treatment of long-standing obesity after it has occurred is often more difficult and the effect on cardiovascular risks may not be reversible. 36 Similar to an earlier study, 28 we found that the effect of gender on obesity is ethnic specific. Malays and Indians had the highest levels of overweight and obesity at baseline, and obesity was more pronounced in women from these ethnic groups. During the period of follow-up, we found that Malay men gained the most weight, whereas both Malay men and Malay women exhibited the greatest increase in waist circumference. In contrast, Chinese women had the lowest levels of overweight and obesity at baseline and were the least likely to gain weight or increase their waist circumference. Such ethnic differences in susceptibility to obesity have been reported earlier. [37] [38] [39] However, the basis of these ethnic differences is unclear. In some earlier studies, these differences were attenuated when SES was taken into account suggesting that these ethnic differences may be related to differences in SES. 37, 40 In our study, ethnicity remains a significant predictor of weight gain and obesity, even after adjustment for educational level, housing type and employment status. Our finding on the association of marital status with increased risk of being overweight is similar to earlier studies in which it was found that the risk was attenuated by the effect of ethnicity and gender. 41, 42 In our prospective analyses, being married or having been married is associated with weight loss during adulthood, but this association was not statistically significant after adjusting for age and other covariates. We believe that the effects associated with marital status were confounded by age, as single individuals were younger and younger age was associated with greater weight gain. The impact of SES on change in weight and waist circumference in our study is noteworthy. First, in our study, it appeared that higher SES (higher education level, larger/ more expensive homes) was associated with greater gain in weight and waist circumference (although the association with education level was no longer statistically significant after adjustment for age and other risk factors). This is in contrast to a study conducted in the United Kingdom reported that lower SES was associated with greater weight gain. 15 We believe that this may be related to greater time spent at work, which is often sedentary, among individuals from higher SES, and hence less time to participate in leisure time physical activity. Singapore is a small country, which is completely urbanized and occupational physical activity largely reflects that of a developed economy (that is, low levels of occupational physical activity). In this environment, leisure time physical activity becomes a more important determinant of adult weight gain. Even though high SES was associated with greater weight gain in adulthood, low SES was associated with higher prevalence of obesity at baseline. The reason for this apparent contradiction may relate to the timing of exposure to high or low SES. At least one study has shown that SES at particular periods of life has a greater influence than others. This is particularly true of childhood SES. 43 Taken together, our data suggests that the risk of overweight and obesity experienced by the lower SES group may have an earlier origin. As a consequence, overweight and obesity related to low SES is established before individual reaches adulthood. In our environment, subsequent weight gain seems to be more a function of higher SES. The prospective nature of the study, with repeated measurements of obesity, is the main strength of this study. This is particularly relevant given that limited data of this form are available in Asia. However, the study does have a few limitations. First, we recognize that the response rate at 53% was low, which may limit the generalizability of our findings. When we compared the respondents and nonrespondents, statistically significant differences were noted for variables that were associated with differences in change of weight or waist circumference. However, many of our findings (including those related to age and baseline BMI) are similar to those observed in other populations and this gives us confidence that our findings are valid. Second, obesity was measured at only two time points, which may lead to some imprecision in the estimates of weight or waist change. However, we feel that such imprecision would tend to bias our findings toward the null hypothesis. This means that, the risk of weight gain identified in association with the various risk factors studied would have been underestimated and our conclusions would still be valid. Finally, our analysis did not include changes in risk factors such as diet and physical activity, and measurement of overall physical activity should include activities at work and commuting. Diet and physical activity are important factors in influencing weight gain. 17 Further studies and analyses of the degree of variability exerted by changes in the key environmental factors involved in weight gain should be explored as these may give important clues as to the causes of weight gain. In addition, future studies on younger population such as children and adolescents could provide more information on the effect of environmental factors on obesity development. Information on other influencing factors such as parental and childhood obesity, 44, 45 parity for women, 46 ,47 menopause, 48 and mental illnesses 49 or physical disabilities 50, 51 would be relevant as they have been found to be significantly associated with obesity. Our study confirms that the secular trends of weight gain, observed in other countries, are also occurring in Asia. The majority of this weight gain occurs in early adulthood to middle age. Overweight and obesity were most common in Malays and Indians at baseline. This problem is further compounded by the finding that the minor ethnic groups experienced the greatest gains in weight and waist circumference.
Our findings reinforced the point that obesity prevention strategies should be started early in the younger age groups, Longitudinal study on weight and waistline changes SK Ong et al as it is during this period that more weight gain was observed. These data may assist in the identification of opportunities to implement such preventive strategies. For example, in Singapore, men undergo compulsory military training with intermittent contact with the armed forces until the age of 40. Given our findings, this would be an opportune avenue through which the importance of a healthy diet and regular physical activity could be communicated. In addition, preventive strategies should also reach out to the ethnic minority groups and need to be culturally sensitive and acceptable to ensure that all segments of the population are reached. Although marital status and education level were not found to be significant predictors of weight change in multivariate analysis, the knowledge that individuals who were single had higher levels of education and larger/more expensive homes tended to gain the most weight would be useful for designing messaging of preventive strategies.
